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Changes in the lipid environment decrease Na,K-ATPase activity in
obstructive nephropathy. Unilateral ureteral obstruction markedly alters
sodium and water reabsorption by the affected kidney. These abnor-
malities may be due, at least in part, to decreased Na,K-ATPase
activity in various segments of the nephron during obstruction. The
reason for this decreased activity has, however, remained speculative.
The present study examines the potential mechanisms underlying the
decreased Na,K-ATPase activity in obstruction. The Na,K-ATPase
activity was markedly reduced in basolateral membrane vesicles pre-
pared from the cortex of the obstructed kidney of rats with unilateral
ureteric obstruction of 24 hours duration when compared to basolateral
membrane vesicles from contralateral kidneys of the same rats or to
basolateral membrane vesicles from kidneys of sham operated animals.
However, no such difference was present three days post-release of
unilateral ureteric obstruction. When basolateral membrane vesicles
were incubated with sodium dodecyl sulphate to perrneabilize the
vesicles, no difference in the proportion of enzyme latency was de-
tected between the basolateral membrane vesicles from obstructed
kidneys and those from sham operated rats. Immunoblotting with
antibodies to the alpha subunit of Na,K-ATPase revealed equal
amounts of enzyme in the basolateral membrane vesicles from contra-
lateral kidneys, obstructed kidneys and sham operated rats. When
incubated with liposomes under conditions conducive to fusion and
lipid exchange the activity of Na,K-ATPase in basolateral membrane
vesicles from obstructed kidneys was reconstituted almost to normal
levels. This increase in enzyme activity did not occur in basolateral
membranes from contralateral kidneys or in membranes from kidneys
of sham operated rats incubated in the same manner. We conclude that
the reduction in Na,K-ATPase activity in ureteric obstruction is not
related to reduced quantity of enzyme or to its sequestration in
impermeable vesicles, but to changes in the lipid environment of the
basolateral membrane.
Numerous biochemical and functional abnormalities have
been described in the kidney after acute or chronic urinary tract
obstruction. Defects in sodium and water reabsorption, potas-
sium excretion, concentrating ability and urine acidification
have all been described [1—4]. The mechanisms underlying
many of these changes are unclear, but changes in the activities
of several enzymes associated with specific segments of the
nephron have now been reported.
Wilson et al [5, 6] demonstrated a reduction in Na,K-ATPase
activity in cortical and medullary homogenates of rat kidney
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one to seven days after relief of either unilateral or bilateral
ureteric obstruction, and correlated this change with alterations
in sodium reabsorption and post-obstructive diuresis. Williams,
Fanestil and Blackard [7] reported a reduction in Na,K-ATPase
activity in microsomal homogenates three and seven days after
unilateral ureteral obstruction in the dog. Sabatini, Kurtzman
and Yang [8], using isolated tubular segments, described a fall
in Na,K-ATPase activity throughout the nephron after 24 hours
of unilateral ureteric obstruction. The activity of HATPase
was also shown to fall in the medullary and cortical collecting
ducts, whereas in the cortical thick ascending limb enzyme
activity increased. Kimura and Mujais [9] reported a reduction
in Na-K pump turnover in intact cortical collecting duct begin-
ning three hours after onset of unilateral ureteric obstruction
and becoming more pronounced up to 96 hours after the onset
of obstruction. These changes were fully reversed 48 hours
post-release of the unilateral ureteric obstruction. It was noted
that these changes correlated with the inability of the post-
obstructed kidney to excrete a potassium load.
The fluidity of the plasma membrane, which depends on the
lipid composition of the bilayer [10], has a profound effect on
the activity of enzymes associated with that domain of the
membrane [1]. The activity of the Na,K-ATPase is particularly
affected [11, 12]. Tannenbaum, Purkerson and Klahr [131 dem-
onstrated significant alterations in the metabolism of lipids in
the cortex and outer medulla of rat kidneys subjected to 24
hours of ureteric obstruction. Marked changes in phospholipid
composition of basolateral membrane vesicles from dog kidney
cortex were demonstrated after 24 hours of ureteral occlusion
[14]. The present study was designed to confirm the decrease in
activity of Na,K-ATPase in basolateral membrane vesicles
from obstructed kidneys, and to elucidate the mechanisms
responsible for this decrease in activity.
Methods
Experimental animals
Female Sprague-Dawley rats (200 to 220 g) were used in all
experiments. The left ureter was identified and ligated at the
lower one-third via a small midline abdominal incision under
light ether anaesthesia. The wound was then closed and the
animals were fasted but allowed free access to water until
sacrificed 24 hours later. In experiments involving reversible
obstruction, a short length of PE 50 tubing was placed over the
left ureter at the junction of the middle and lower one-third. A
single silk ligature was then tied around this to effect the
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obstruction. The wound was then closed and the animals denied
food but given free access to water for 24 hours. At this stage
the animals were re-anaesthetized, as above, the single ligature
was removed from around the PE 50 tubing, and the tubing was
then removed from the ureter. This resulted in relief of obstruc-
tion in the majority of animals. Only those rats in which
adequate release could be achieved, as judged by lack of
dilatation of the proximal ureter, were used for further experi-
ments. These rats were then allowed free access to food and
water until sacrificed at three days post-release of obstruction.
Membrane preparations
Rats subjected to the surgery described above were anaes-
thetized with sodium pentobarbital (5 mg/l00 g body wt given
i.p.). The kidneys were quickly removed in random order and
immediately placed in ice cold buffer containing 250 mM su-
crose, 10 m Tris-HCI and 0.1 mri phenylmethlysulphonyl
fluoride, pH 7.6. The capsule was removed, the cortex dis-
sected and basolateral membrane vesicles prepared using a
Percoll gradient ultracentrifugation technique as previously
described [15, 161.
Enzyme characterization
Basolateral membrane vesicles isolated from rat kidneys
were characterized by examining the enrichment in activity of
specific membrane enzyme markers over that in the crude
cortical homogenate. Na,K-ATPase, a basolateral membrane
marker [17], was measured as previously described by our
laboratory [18]. Parathyroid hormone stimulated adenylate cy-
clase was utilized as a second basolateral marker [19] and
measured as previously described [201. Potential contamination
of the preparation by other subcellular fractions was assessed
by assay of maltase and alkaline phosphatase as brush border
membrane markers [21, 22] by the methods of Sacktor [21] and
Bessey, Lowry and Brock [23], respectively. Glucose-6-phos-
phate was used as an endoplasmic reticulum marker [241, acid
phosphatase as a lysosomal marker [25] and thiamine pyrophos-
phatase as a marker of the Golgi apparatus [261.
Assessment of Na, K-A TPase latencies
To examine the amount of latent Na,K-ATPase activity in the
basolateral membrane vesicles from the obstructed or contra-
lateral kidney of rats with unilateral ureteric obstruction and
from kidneys of sham operated rats, the purified membranes
were pre-incubated with 30 volumes of a solution containing 100
mM KC1, 100 m sucrose and 2 mM Tris HC1 pH 7.5 with 75
/.Lg/ml sodium dodecyl sulphate (SDS) for 15 minutes at 37°C.
Controls were incubated with the same solution but excluding
the SDS. After pre-incubation 100 p1 aliquots of the control and
SDS permeabilized samples were each added to 800 p1 of the
Na,K-ATPase assay mixture at 37°C and assayed as noted
above.
Electrophoresis and immunoblotting
Proteins of basolateral membranes were separated by means
of polyacrylamide gel electrophoresis in the presence of SDS as
described by Laemmli [27]. Basolateral membrane vesicles
were first treated with 1% SDS and 2% mercaptoethanol but
were not heated. For separation of Na,K-ATPase the gels
contained 10% acrylamide (30:0.4 acrylamide:bis-acrylamide).
Proteins were transferred from polyacrylamide gels to nitrocel-
lulose membranes by the method of Towbin, Staehelin and
Gordon [281. Using pre-stained molecular weight markers the
efficacy of protein transfer from polyacrylamide gels to nitro-
cellulose membranes could be monitored.
Antibodies to Na,K-ATPase were a gift from Dr. R. Mercer
(Department of Cell Biology and Physiology, Washington Uni-
versity School of Medicine). Antibody 1 was a rabbit immuno-
globulin raised against purified Na,K-ATPase from rat kidney.
This antibody was used at 1:100 dilution and recognized both
the a and /3 subunits of Na-K-ATPase. Antibody 2 was a rabbit
immunoglobulin raised against a synthetic decapeptide from the
amino terminus of the a subunit of Na-K-ATPase from rat
kidney. When used at 1:100 dilution this antibody recognized
only a subunits of Na,K-ATPase.
For quantification '1 labeled goat anti-rabbit immunoglob-
ulin was used as a second antibody and the bands visualized by
autoradiography. The relative amounts of Na,K-ATPase were
determined by densitometry.
Lipid reconstitution experiments
The phospholipids, phosphatidylcholine (PC), phosphatidyl-
ethanolamine (PE), phosphatidylserine (PS) and phosphatidyl-
inositol (P1) all from bovine liver were obtained from Sigma
Chemical Co. (St. Louis, Missouri, USA). Mixtures containing
differing relative molar amounts were prepared as follows:
PE:PC, 60:40 and PE:PC:PS, 57.5:37.5:5.These mixtures, each
containing 1 mg of total phospholipid in 100 pl of solvent, were
placed in an evaporator and the solvent removed under a
constant stream of nitrogen to leave a thin film of dried
phospholipid. Liposomes were then prepared by the addition of
1 ml of an aqueous buffer containing 100 mi NaC1 and 10 mM
Tris HC1 pH 7.5 at 37°C. After an initial period of 20 minutes to
allow surface hydration the mixtures were vortexed at full
speed for two minutes to yield a milky suspension of multila-
mellar vesicles [29]. The temperature was maintained through-
out at 37°C.
A 25 p1 aliquot of basolateral membrane vesicles suspended
in 100 mM NaCl and containing on average 150 g of protein
was then added to a 25 p1 aliquot of each lipid suspension an
gently mixed at 37°C. The mixture was then incubated for 5 to
12 minutes with gentle shaking in a heated water bath at 37°C.
At the end of the incubation period the samples were immedi-
ately placed on ice and diluted to a final basolateral membrane
vesicle concentration of 1:40 with ice-cold 100 mM NaCl.
Aliquots (100 p1) of these basolateral membrane vesicles were
taken for Na,K-ATPase assay as described above.
Protein was assayed according to the method of Bradford
[30].
Calculations and reagents
All data are expressed as means s. Statistical significance
was determined by the Student's t-test. All reagents were
obtained from Sigma Chemical Co., except acrylamide and bis
acrylamide which were obtained from Bio Rad (Richmdhd,
California, USA).
Results
The activity of Na,K-ATPase in crude cortical homogenates
prepared from kidneys of sham operated rats and from the
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Table 1. Activity of Na,K-ATPase in cortical homogenates
Rats with unilateral ureteral
Sham operated
obstruction
Contralateral Obstructed
rats kidney kidney
N 9 10 10
Activity
smo1 phosphate! 6.0 1.6 6.0 1.2 2.4 0.6
mg protein/hr
Table 2. Enrichment of several enzymes in basolateral membrane
vesicles from rat kidneys
Sham
operated
Rats with unilateral ureteral
obstruction
Contralateral Obstructed
N rats kidney kidney
Na,K-ATPase 8 9.4 3.3 10.7 4.1 5.7 1.4
Maltase 8 2.6 0.8 3.2 0.4 2.9 1.0
Alkaline 3 3.7 0.5 5.9 2.1 3.6 1.2
phosphatase
Acid 3 1.1 0.3 1.1 0.3 1.1 0.4
phosphatase
Glucose-6- 3 2.2 0.4 1.8 0.3 1.7 0.4
phosphatase
Thiamine 2 1.6 0.1 2.6 0.3 1.8 0.5
pyro-
phosphatase
contralateral and obstructed kidneys of rats with unilateral
ureteric obstruction are shown in Table 1. Na,K-ATPase activ-
ity was significantly reduced in cortical homogenates from
obstructed kidneys. The purification of basolateral membrane
vesicles was assessed biochemically by the assay of marker
enzyme activities (Table 2). The activity of Na,K-ATPase, a
basolateral membrane marker, was enriched over that in a
crude cortical homogenate (Table 1) in basolateral membrane
vesicles from kidneys of sham operated rats, the contralateral
kidney of rats with unilateral ureteric obstruction and the
obstructed kidney from the same animals. In basolateral mem-
brane vesicles from the obstructed kidneys of rats with unilat-
eral ureteric obstruction the enrichment of this enzyme was
somewhat lower at 5.7-fold (Table 2). Much more marked
differences are found in the specific activities of Na,K-ATPase
(Fig. 1) in the basolateral membrane vesicles prepared from
obstructed kidneys (13.1 4.5 tmol phosphate/mg protein/hr)
compared to those from the contralateral kidney (55.2 15.0
mol phosphate/mg protein/br) of the same animals and kidneys
from sham operated animals (56.17 9.9 mol phosphate/mg
proteinlhr). These differences were not evident, however, in
basolateral membrane vesicles from the post-obstructed kid-
neys three days after release of unilateral ureteric obstruction of
24 hours duration (Fig. 2). Enrichments of between 2.5- and
3.2-fold for maltase and 3.6- and 5.9-fold for alkaline phos-
phatase (Table 1) indicate some contamination of the basolat-
eral membranes by brush border membranes.
To further assess the presence of basolateral membranes,
particularly in preparations from obstructed kidneys, the activ-
ity of parathyroid hormone stimulated adenylate cyclase was
measured (Fig. 3). This enzyme was shown to be present in
Fig. 1. Na,K-ATPase activity in basolateral membrane vesicles ob-
tained from kidneys of sham operated rats from obstructed ()
and contralateral () kidneys of rats subjected to 24 hours of unilateral
ureteric obstruction. Each column represents the mean of at least 8
determinations. The vertical bars denote SE. *P _ 0.001.
Fig. 2. Na,K-ATPase activity in basolateral membrane vesicles pre-
pared from rat kidneys obtained 3 days after release of unilateral
ureteric obstruction of 24 hours duration. Vesicles were prepared from
both the post-obstruction kidney (fl) and the contralateral kidney ()
of these rats. For comparison the activity of Na,K-ATPase obtained in
vesicles prepared from kidneys obstructed for 24 hours is also shown
(•). Each column represents the mean of at least 3 experiments. The
vertical bars represent SE. = 0.001.
basolateral membrane vesicles from obstructed kidneys and to
have similar basal activity to that in basolateral membrane
vesicles from contralateral kidneys of the same animals and in
membrane vesicles from sham operated animals. Furthermore,
when treated with forskolin and sodium fluoride, the enzyme
was stimulated equally in basolateral membrane vesicles from
obstructed kidneys, contralateral kidneys and sham-operated
rat kidneys.
To further evaluate the purity and comparability of the
different basolateral membrane vesicle preparations several
other enzymes were assayed (Table 2). The enrichments of acid
phosphatase, glucose-6-phosphatase and thiamine pyrophos-
phatase, marker enzymes for lysosomes, endoplasmic reticu-
lum and Golgi apparatus, respectively, show very minimal
contamination of the basolateral membrane vesicle prepara-
tions with these subcellular fractions. Overall these values are
consonant with other preparations [15, 16, 31].
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Fig. 3. Adenylate cyclase activity in
basolateral membrane vesicles obtained from
kidneys of sham operated rats, or from the
obstructed and contralateral kidneys of rats
subjected to 24 hours of unilateral ureteric
obstruction. In each preparation the activity
of adenylate cyclase was determined under
basal cOnditions or after stimulationwith PTH
(10-6 M), forskolin or sodium fluoride. Each
column represents the mean of three
determinations. Vertical bars denote SE. No
significant differences in basal or stimulated
adenylate cyclase activity were detected
among the three different groups of
basolateral membrane vesicles.
Table 3. Effect of sodium dodecyl sulphate on the activity of
Na,K-ATPase
Na,K-ATPase activity
wnol Pi/mg protein/hr Changein
activity
Calculated
percentage
of sealed
vesicles—SDS +SDS
BLMV (sham 56.4 1.6 98.0 2.0 X 1.74 42.4%
operated
rats)
BLMV 18.4 0.4 35.0 3.0 x 1.90 47.4%
(obstructed
kidney)
This represents the mean standard error of the mean for 3 different
preparations for each sham operated rat and rats with unilateral ureteral
obstruction.
The amount of latent Na,K-ATPase activity was assessed by
permeabilizing the basolateral membrane vesicles with SDS.
This allows the entry of inorganic ions and ATP and thus
facilitates the unmasking of previously latent Na,K-ATPase
activity. In basolateral membrane vesicles from both sham
operated rats and obstructed kidneys the fold increase in
activity after SDS incubation was similar (Table 3); however,
the specific activity of Na,K-ATPase remained substantially
lower in basolateral membrane vesicles from obstructed kid-
neys as compared to those from sham operated rats. These
results also allow a calculation of the proportion of sealed
basolateral membrane vesicles. The values of 42.4% for baso-
lateral membrane vesicles from sham operated rats and 47.4%
for basolateral membrane vesicles from obstructed kidneys are
comparable to other studies [32, 33].
Basolateral membrane vesicles were then mixed with SDS
and mercaptoethanol to solubilize the membrane proteins
which were then subjected to polyacrylamide gel electrophore-
sis as described above. Figure 4 shows an autoradiograph of
basolateral membrane vesiclés after immunoblotting with anti-
Na,K-ATPase antibodies 1 (purified a subunit) and 2 (synthetic
decapeptide). With antibody 1 three main bands can be seen. A
40 kDa band corresponds to the /3 subunit of Na,K-ATPase, and
a 97.4 kDa band corresponds to the a subunit [341. Densitom-
etry indicated no significant difference in the intensity of
staining for either the a or 13 subunits of the basolateral
membrane vesicles from contralateral kidneys, obstructed kid-
neys or sham operated animals. This antibody also stains
strongly and equally a 140 kDa protein in all the basolateral
Fig. 4. Auloradiograph of an immunoblot stained with anti Na,K-
ATPase antibodies, antibody I to purffied Na,K-ATPase, antibody 2 to
synthetic decapeptide. Key to lanes as follows: 1, 2, 7, 8, basolateral
membrane vesicks from kidneys obtained from sham operated rats, 3,
4, 9, 10, basolateral membrane vesicles from contralateral kidneys of
rats subjected to 24 hour unilateral ureteric obstruction, 5, 6, 11, 12,
basolateral membrane vesicles from obstructed kidneys of rats sub-
jected to 24 hours of unilateral uretenc obstruction.
Fig. S. Autoradiograph of an immunoblot stained with anti Na,K-
ATPase antibody 2. Key to lanes as follows: 1, basolateral membranes
from kidneys obtained from sham operated rats; 2, basolateral mem-
brane vesicles from contralateral kidneys of rats subjected to 24 hours
of unilateral ureteric obstruction; 3, basolateral membrane vesicles
from obstructed kidneys of rats subjected to 24 hours of unilateral
ureteric obstruction; 4, basolateral membrane vesicles from contralat-
eral kidneys of rats 3 days post-release of 24 hours of unilateral ureteric
obstruction; 5, basolateral membrane vesicles from 3 day post-release
kidneys of rats subjected to 24 hours of unilateral urertenc obstruction.
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Fig. 6. Na,K-ATPase activities in basolateral
membrane vesicles after control incubations ()
and incubation with liposomes of differing
phospholipid composition ( PE:PC 60:40;
PE:PC:PS 57.5 :37.5 :5). Each column represents
the mean of 3 experiments. Vertical bars
represent SE. 0.002, = <0.05. There
was a significant increase in Na,K-ATPase
activity only in basolateral membrane vesicles
obtained from obstructed kidneys.
membrane vesicles examined. This protein is not felt to be
related to the Na,K-ATPase but rather to be a component of
blood vessels co-purified with the original antigen [34]. Anti-
body 2 clearly stains only one band of protein at a molecular
weight of 97.4 kDa. This band represents the a subunit of
Na,K-ATPase and again the density of staining was equal in the
basolateral membrane vesicles from contralateral kidneys, ob-
structed kidneys, and sham operated kidneys. This antibody
stains the 140 kDa protein very faintly.
Basolateral membrane vesicles from the post-obstructed and
contralateral kidneys of rats three days after release of unilat-
eral obstruction of 24 hours duration were compared with those
from 24-hour unilaterally obstructed kidneys and the contralat-
eral kidney from the same animal and to basolateral membrane
vesicles prepared from kidneys of sham operated animals by
immunoblotting with antibody 2 and subsequent autoradiogra-
phy (Fig. 5). Densitometry indicated equal amounts of the 97.4
kDa a subunit of Na,K-ATPase in each of the basolateral
membrane vesicle preparations.
After incubation with liposomes, as described above, the
activity of Na,K-ATPase was significantly increased in basolat-
eral membrane vesicles from obstructed kidneys (Fig. 6). The
specific activity in basolateral membrane vesicles from ob-
structed kidneys was increased from a control level of 16.6
2.4 mol phosphate/mg protein/hr to 41.8 2.4 tmol phos-
phate/mg protein/hr after 12 minute incubation with a 60:40
mixture of PE:PC, and to 51.2 12.2 mol phosphate/mg
protein/hr after 12 minute incubation with a mixture of PE:PC:
PS,57.5: 37.5:5. These changes were statistically significant.
Conversely when basolateral membrane vesicles from sham
operated rats were incubated with liposomes the activity of
Na,K-ATPase was reduced from 52.3 5.2 to 40.8 5.9 pmol
phosphate/mg protein/hr with the PE:PC mixture, and to 40.0
9.6 smol phosphate/mg protein/hr with the PE:PC:PS mixture.
These changes failed, however, to reach statistical significance.
When basolateral membrane vesicles from contralateral kid-
neys were incubated with liposomes no apparent change in
activity of Na,K-ATPase was noted with either lipid mixture
(Fig. 6).
Discussion
This study examined the activity of Na,K-ATPase in baso-
lateral membrane vesicles from rat kidneys following 24 hours
of unilateral ureteric obstruction. Our results show a marked
reduction of Na,K-ATPase activity in crude homogenates and
in basolateral membrane vesicles from obstructed kidneys as
compared to those from contralateral kidneys of the same rats
or kidneys from sham operated animals. A similar reduction in
Na,K-ATPase activity has been previously described in both
isolated tubular segments [8, 9] and fairly crude microsomes
containing membranes of cortical and medullary origin from
kidneys of animals with ureteric obstruction [5, 6]. To deter-
mine whether the reduced Na,K-ATPase activity in our baso-
lateral membrane preparations reflected a true reduction in
activity, or was rather due to a smaller amount of actual
basolateral membrane present in the preparation or even to
different physical properties of basolateral membrane vesicles
from obstructed kidneys further enzyme assays were per-
formed.
Assay of acid phosphatase, glucose-6-phosphatase and thia-
mine pyrophosphatase demonstrated minimal contamination of
the basolateral membranes by lysosomes, endoplasmic reticu-
lum and Golgi apparatus. The degree of contamination of the
basolateral membranes by other marker enzymes was compa-
rable in preparations obtained from kidneys of sham operated
rats, contralateral or obstructed kidneys of rats with unilateral
ureteric obstruction.
It is evident that some contamination of the basolateral
membrane vesicles by brush border membranes is present as
judged by the enrichment of the brush border specific markers
maltase and alkaline phosphatase. In other studies we have
prepared brush border membrane vesicles using a divalent ion
precipitation technique. The enrichments in activity of the
brush border membrane markers for these preparations were 9
to 14-fold for maltase and 13- to 15-fold for alkaline phosphatase
(unpublished results). It is clear, therefore, that the contamina-
tion of our basolateral membranes by brush border is relatively
minor. Furthermore, the amount of contamination was essen-
tially equal in basolateral membrane vesicles from obstructed
kidneys, contralateral kidneys and kidneys of sham operated
animals. Since the brush border does not contain Na,K-ATPase
this contamination is not likely to have affected our results.
The activity of parathyroid hormone, forskolin or sodium
fluoride-stimulated adenylate cyclase, a second basolateral
membrane marker, was equal in the basolateral membrane
vesicles from each preparation. This result confirms that similar
quantities of basolateral membranes were present in our prep-
arations from obstructed kidneys as compared to those from
contralateral kidneys and kidneys from sham operated rats.
To exclude the possibility that reduced Na,K-ATPase activ-
ity in basolateral membrane vesicles from obstructed kidneys
merely reflected sequestration of the enzyme due to a higher
proportion of impermeable vesicles in these preparations the
vesicles were permeabilized with SDS. In this situation Na,K-
ATPase activity was increased in basolateral membrane vesi-
des from both obstructed kidneys and kidneys of sham oper-
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ated rats in similar proportion. However, the specific activity
remained significantly lower in basolateral membrane vesicles
from obstructed kidneys indicating that sequestration of Na,K-
ATPase is an unlikely explanation for the decreased activity of
the enzyme. Overall, therefore, our basolateral membrane
vesicle preparations are not only comparable to previous prep-
arations [15, 16, 31—33], but are directly comparable to one
another.
Previous studies by Wilson et al [5, 6] demonstrated reduced
Na,K-ATPase activity in mixed cortical and medullary mi-
crosomes only after release of ureteral obstruction. However,
changes in Na,K-ATPase activity in the cortex in this situation
may well be masked by the Na,K-ATPase activity in that
portion of the microsomal preparation derived from medulla.
The autoradiographs obtained using two different anti-Na,K-
ATPase antibodies clearly demonstrate that despite a marked
reduction in the activity of the enzyme the actual quantity of
enzyme protein present in basolateral membranes from ob-
structed kidneys is not reduced. Therefore, the reduction in
Na,K-ATPase activity cannot be explained by a reduction in
either the a or /3 subunit of the enzyme present in the basolat-
eral membrane.
Kimura [9] suggested that reduced luminal sodium entry into
the tubular epithelial cell due to increased luminal pressure may
down-regulate the activity of Na,K-ATPase in the basolateral
membrane following ureteral obstruction. Additionally it was
suggested that increased renal prostaglandin production in
ureteral obstruction may cause tonic inhibition of the sodium
pump. These explanations, however, remain speculative.
Much attention has been focused on the elucidation of the
metabolic adaptations of the nephron in ureteric obstruction
and in particular the metabolism of renal lipids. Tannenbaum,
Purkerson and Klahr [131 demonstrated reduced phospholipid
content of rat kidneys following 24 hours of ureteric obstruction
together with an increase in the triglyceride content and net
synthetic rate in these kidneys. A 40% decrease in the phos-
phatidylcholine content of basolateral membranes prepared
from kidneys of dogs with unilateral ureteral obstruction of 24
hours duration has been described [14]. There was also a 12%
fall in the sphingomyelin content and a significant decrease in
cholesterol content of the same kidney and it was postulated
that these changes may be responsible for altered solute trans-
port and hormonal responses in the post-obstructed kidney.
Membrane lipid composition has a profound effect on the
activity of Na,K-ATPase, particularly in relation to membrane
fluidity [10—12]. Hise, Mantulin and Weinman [10] described the
importance of the ratio of phosphatidylcholine to sphingomye-
lin in the maintenance of basolateral membrane fluidity, and
showed that a fall in this ratio causes a reduction in membrane
fluidity. A decrease in the ratio of cholesterol to phospholipid as
demonstrated in obstruction [14] would tend to increase the
fluidity of the membrane [35], and hence offset to some degree
the decrease in membrane fluidity caused by a fall in the
phosphatidyicholine to sphingomyelin ratio. However, the de-
crease in cholesterol to phospholipid ratio of 4% is minor when
compared to the 30% decrease in the phospatidyleholine to
sphingomyelin ratio. Hence the net effect would still be one of
decreased membrane fluidity. Le Grimellec et al [11] reported
that decreased basolateral membrane fluidity in the dog kidney
resulted in a decrease in the activity of Na,K-ATPase.
When incubated with large multilamellar vesicles containing
high proportions of the fusigenic lipid phosphatidylethanol-
amine [36] together with phosphatidylcholine under conditions
conducive to fusion and lipid exchange between vesicles [29,
36, 37] the activity of Na,K-ATPase in basolateral membranes
from obstructed kidneys was restored almost to normal levels.
When negatively charged phosphatidylserine is added to the
liposomes aggregation with plasma membranes is increased [36]
and consequently the Na,K-ATPase is re-constituted to higher
levels of specific activity. Identical experiments were also
carried out with other combinations of phospholipids, PE:PC
5:95 and PE:PC:PS:PI 55:35:5:5. These combinations of phos-
pholipids when incubated with basolateral membrane vesicles
from the obstructed kidney of rats subjected to 24 hours of
unilateral ureteric obstruction did not show significant re-
constitution of Na,K-ATPase activity. These results indicate
that the re-constitution of Na,K-ATPase activity is not a
non-specific lipid effect (for example, lipid dilution of an inhib-
itor of Na,K-ATPase), but is dependent more specifically on
liposome lipid composition. Low PE content would tend to
decrease fusion of liposomes with vesicles [36] and P1 may
serve to decrease the fluidity of the membrane [35]. The results
of these experiments, plus the inability of similar maneuvers to
increase Na,K-ATPase activity in basolateral membrane vesi-
des prepared from contralateral kidneys of rats with unilateral
ureteral obstruction or from kidneys of sham-operated rats,
indicate that changes in the lipid environment of basolateral
membranes of the obstructed kidney account for the decreased
activity of the Na,K-ATPase in this setting.
It seems likely that the re-constitution of Na,K-ATPase
activity observed in these experiments is due to fusion and lipid
exchange between liposomes and membrane vesicles. As a
consequence of this the phosphatidyicholine to sphingomyelin
ratio rises and the cholesterol to phospholipid ratio falls, the
overall effect being to increase membrane fluidity. However,
more experiments are required to confirm this hypothesis. An
alternative explanation is that an accumulation of free fatty
acids in obstruction causes inhibition of Na,K-ATPase; how-
ever, when we incubated basolateral membrane vesicles from
obstructed kidneys with bovine serum albumin prior to mea-
surement of Na,K-ATPase activity, no increment in activity
was observed (results not shown). These results suggest that
inhibition of the Na,K-ATPase by increased levels of fatty acids
is apparently not a factor.
In summary, our results show a reduction in Na,K-ATPase
activity in basolateral membranes of cortical tubules after 24
hours of unilateral ureteric obstruction. This abnormality is
reversed three days post-release of obstruction of 24 hours
duration. This decrease in activity of the Na,K-ATPase is not
related to reduced amount of enzyme, since the abnormality
can be reversed by incubation with liposomes and not by
control medium. The decreased activity of Na,K-ATPase is
more likely due to a reduction of the phosphatidylcholine:
sphingomyelin ratio in basolateral membranes from obstructed
kidneys and a subsequent decrease in membrane fluidity. Fur-
ther experiments are necessary, however, to confirm this.
These lipid abnormalities may be a result of increased activity
of renal phospholipases in uretenc obstruction [38, 39].
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